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Summary
Emerging evidence indicates that paracrine signals from en-
dothelial cells play a role in tissue differentiation and organ
formation [1–3]. Here, we identify a novel role for endothelial
cells in modulating hepatocyte polarization during liver
organogenesis. We find that in zebrafish, the apical domain
of the hepatocytes predicts the location of the intrahepatic
biliary network. The refinement of hepatocyte polarization
coincides with the invasion of endothelial cells into the liver,
and these endothelial cells migrate along the maturing basal
surface of the hepatocytes. Using genetic, pharmacological,
and transplantation experiments, we provide evidence that
endothelial cells influence the polarization of the adjacent
hepatocytes. This influence of endothelial cells on hepato-
cytes is mediated at least in part by the cell-surface protein
Heart of glass and contributes to the establishment of coor-
dinately aligned hepatocyte apical membranes and evenly
spaced intrahepatic conduits.
Results and Discussion
Endothelial cells have largely been seen as the inner wall of
blood vessels with a role in the metabolic exchange between
the blood and surrounding tissues. However, recent studies
have indicated that endothelial cells regulate many processes
in addition to their role in blood circulation [1–3]. Several exam-
ples of the influence of endothelial cells during organogenesis
can be observed during mammalian liver development [4–7].
However, because endothelial cells are required for early
hepatic-bud formation in mice, it is difficult to study their role
at later stages of liver development. The zebrafish system
provides unique advantages for investigating the role of endo-
thelial cells in later stages of organogenesis: In zebrafish, endo-
thelial cells appear not to be required for initial hepatic-bud
*Correspondence: takuya.sakaguchi@ucsf.edu (T.F.S.), didier_stainier@
biochem.ucsf.edu (D.Y.R.S.)formation [8], and mutants with vascular defects receive
sufficient oxygen by simple diffusion to continue developing
through the stages of liver organogenesis [9].
We first visualized the three-dimensional structure of the
intrahepatic vascular network with the Tg(flk1:EGFP)s843 line
[10]. We found that the intrahepatic vascular network is highly
branched by 80 hr postfertilization (hpf). The portal vein and
hepatic artery are connected to the intrahepatic vascular net-
work at the posterior side of the liver, and this network anasto-
moses with the hepatic vein at its anterior side (Figure 1A). We
also observed that the intrahepatic vascular network is closely
intertwined with an activated leukocyte cell adhesion molecule
(Alcam) [11]-positive network (Figures 1B and 1C) at this stage;
these two intrahepatic networks seldom contact or intersect
each other at 80 hpf (Figures 1C and 1D). At this stage, Alcam
localization mostly overlaps with that of the bile-salt-export
pump Abcb11 [12] and the biliary epithelial cell marker mono-
clonal antibody (mAb) 2F11 [13, 14] (Figures S1A, S1B, and S1J
available online), indicating that the Alcam-positive network
corresponds to the developing intrahepatic biliary network.
Z-plane confocal imaging of Tg(flk1:EGFP)s843 larvae stained
for Alcam and Prox1 provides clear optical sections of the liver
(Figure 1E). A single layer of hepatocytes is always present be-
tween the biliary and vascular tracts, thereby preventing these
tracts from contacting or intersecting (Figure 1E). This highly
coordinated alignment of the intrahepatic networks led us to
hypothesize that these two conduits interact with each other
to regulate their position. In this study, we investigate the
role of endothelial cells in the formation of the biliary network.
We first analyzed how the intrahepatic vascular and biliary
networks develop in zebrafish. We found that endothelial cells
first contact the liver on its dorsolateral side at 50 hpf (Fig-
ure 2A). At this stage, Alcam is localized along the entire cell
membrane of all cells in the liver (Figure 2E). At 55 hpf, endo-
thelial cells surround the entire liver but have not yet invaded
it (Figure 2B), and Alcam is still localized along the entire cell
membrane of most cells (Figure 2F). Interestingly, in the he-
patic cells adjacent to the surrounding endothelial cells, Alcam
is not observed on the membranes contacted by the endothe-
lial cells (inset in Figure 2F). By 60 hpf, endothelial cells have
invaded the liver (as indicated by white arrowheads in Fig-
ure 2C), and Alcam localization in the hepatocytes around
the invading endothelial cells has started to become restricted
away from the membrane contacted by the endothelial cells
(Figure 2G). We observed that Alcam localization changes first
in the hepatocytes adjacent to the invading endothelial cells
(as indicated by white arrowheads in Figure 2G), suggesting
that endothelial cells play a role in this process. At 80 hpf,
endothelial cells have formed a highly branched network in
the liver (Figure 2D), and Alcam immunostaining appears to
outline the intrahepatic biliary network (Figure 2H).
Because Alcam appeared to change its localization from
being along the entire cell membrane to being restricted to
one side of the cell, we next investigated the identity of the
Alcam-positive side. Double staining for the apical-domain
marker atypical protein kinase C l and x (aPKC) [15,16] and
Alcam revealed the partial colocalization of these two markers
at 80 hpf (Figure 3B), suggesting that Alcam is localized to the
Figure 1. The Vascular and Biliary Networks in the Developing Zebrafish Liver
(A and A0) Projected confocal image of Tg(flk1:EGFP)s843 expression in the liver at 80 hpf. The intrahepatic vascular network visualized by Tg(flk1:EGFP)s843
expression is schematically presented in (A0).
(B and B0) Projected confocal image of Alcam expression at 80 hpf. The intrahepatic biliary network visualized by Alcam staining is schematically presented
in (B0).
(C and C0) Merged image of Tg(flk1:EGFP)s843 (green) and Alcam (red) expression shows that the intrahepatic vascular and biliary networks always maintain
a certain distance between each other. The intrahepatic vascular (green) and biliary (red) networks are schematically represented in (C0).
(D and E) Projected confocal image (D) and z-plane confocal image (E) of Tg(flk1:EGFP)s843 larvae visualized for GFP (green), Prox1 (blue), and Alcam (red)
expression. Monolayers of hepatocytes separate the vascular and biliary networks, as illustrated in the inset.
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that aPKCs begin to show localized expression in liver cells at
55 hpf (Figure 3A), when Alcam is still localized along the entire
cell membrane, indicating that hepatocytes start polarizing
prior to Alcam restriction to the apical membranes. We further
observed that in prkci (previously known as apkcl) mutant
larvae, which fail to establish apicobasal polarity in many
epithelial tissues [16], Alcam remains localized along the entire
membrane of most cells in the liver (Figure 3C), indicating that
establishment of hepatocyte apicobasal polarity is important
for Alcam localization. To further test the hypothesis that
Alcam localizes to the apical membrane of hepatocytes, we
double stained larvae for Alcam and the basolateral-hepato-
cyte-membrane marker Na+-taurocholate cotransporting pro-
tein (Ntcp) [17] and observed that Alcam and Ntcp localize to
the hepatocyte cell membrane in a mutually exclusive manner
(Figure 3D). Altogether, these data indicate that as endothelial
cells invade the liver along the maturing basal membranes of
hepatocytes, Alcam localization becomes restricted to the
apical membranes of hepatocytes. We thus propose that, in
zebrafish, the intrahepatic biliary network forms along the
apical membranes of hepatocytes. In amniotes, the apical
domains of hepatocytes form the canalicular network, and
their basal domains face the sinusoidal endothelial cells.
Therefore, the relationship between the intrahepatic vascular
and biliary networks in zebrafish appears to be equivalent to
that between the sinusoidal vascular and bile canalicular
networks in amniotes.
The spatial and temporal correlation between hepatocyte
polarization and endothelial invasion of the liver suggested
that invading endothelial cells play a role in modulating hepato-
cyte polarization. To test this hypothesis, we first investigatedhepatocyte polarization in cloche (clo) mutant larvae, which
lack endothelial cells in the head and trunk [18]. We found
that at 60 hpf (Figure S2) and 70 hpf (Figure 3F), there is a clear
difference in Alcam localization in the liver of clo mutant larvae
and their wild-type siblings. For example, at 70 hpf, Alcam
remains localized along the entire membrane of many cells in
clo mutant livers (Figure 3F), whereas it has mostly localized
to the apical membranes in wild-type livers. However, by
80 hpf, Alcam becomes localized to discrete membranes in
clo mutant livers (Figure S2), and the intrahepatic biliary
network appears to be formed [19]. These data indicate that
endothelial cells help hepatocytes establish apicobasal polar-
ization, although they are not absolutely required. To further
investigate the influence of endothelial cells in hepatocyte
polarization, we disrupted the patterning of the intrahepatic
vascular network and asked how that disruption affected
hepatocyte polarization. We treated larvae with the vascular
endothelial growth factor (VEGF)-receptor inhibitor SU5416
[20] from 55 to 80 hpf and analyzed them at 80 hpf. VEGF-recep-
tor-inhibitor treatment disrupted the patterning of the intrahe-
paticvascular network invariableways (Figure 4andFigure S3).
We found that the patterning of the Alcam-positive network
was also modified in accordance with the disrupted intrahe-
patic vascular network: These two intrahepatic networks still
did not contact or intersect each other regardless of how the
patterning of the intrahepatic vascular network was disrupted
(average three intersections per liver, n = 5, SD = 1.5). For
instance, in an SU5416-treated larva in which the intrahepatic
vascular network was disrupted (compare Figure 4A with
Figure 1A), Alcam (compare Figure 4B with Figure 1B) was
localized away from the protruding vascular branch (compare
Figure 4C with Figure 1C), indicating that endothelial cells
Figure 2. Coordinated Development of the Intrahepatic Vascular and Biliary Networks
Projected (A–D) and z-plane (E–H) confocal images of the liver at 50 (A and F), 55 (B and G), 60 (C and H), and 80 (D and I) hpf. The images present ventral
views, anterior to the top.
(A–D) Tg(flk1:EGFP)s843 larvae visualized for GFP (green) and Prox1 (blue) expression.
(A) By 50 hpf, endothelial cells have established contact with the liver on its dorsolateral side (as indicated by the arrow).
(B) By 55 hpf, endothelial cells have surrounded the liver.
(C) By 60 hpf, endothelial cells have started to invade the liver (as indicated by white arrowheads).
(D) By 80 hpf, the endothelial cells have formed a highly branched network in the liver.
(E–H) Tg(flk1:EGFP)s843 larvae visualized for GFP (green), Prox1 (blue), and Alcam (red). The outlined areas are magnified and shown in bottom corners.
(E0–H0) Alcam immunostainings are shown separately. By 60 hpf, Alcam expression has become restricted to the cell membrane opposite to the one
contacted by endothelial cells (as indicated by white arrowheads), whereas it is still localized along the entire cell membrane of cells (as indicated by the
black arrowhead) located far from the invading endothelial cells. L, liver; P, pancreas.
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this larva show that Alcam localizes away from the membranes
contacting these endothelial cells (as indicated by arrowheads
in Figure 4D0). These data suggest that endothelial cells can
influence the polarization of adjacent hepatocytes, as revealed
by Alcam localization. We further disrupted the intrahepatic
vascular network by transplanting vegf-a121 [21]-overexpress-
ing cells into the liver. To target vegf-a121-overexpressing cells
exclusively to the endoderm, we grafted cells overexpressing
both Vegf-a121 and Sox32 into Tg(flk1:EGFP)
s843 hosts at
4 hpf. Under these conditions, transplanted cells contribute
to endodermal lineages [22], and we analyzed 80 hpf larvae
that contained vegf-a121-overexpressing cells in the liver (Fig-
ures 4E–4I and Figure S4). We found that vascular density
increased around the transplanted vegf-a121-overexpressing
cells, thereby disrupting the intrahepatic vascular network
(compare Figure 4E with Figure 1A). Consistent with the results
of the VEGF-receptor-inhibitor treatments, Alcam localization
appeared to be modified in accordance with the disrupted
intrahepatic vascular network (compare Figure 4G and Fig-
ure 1C): These two intrahepatic networks still seldomcontacted or intersected each other (average four intersections
per liver, n = 5, SD = 1.2). As an experimental control, we trans-
planted cells overexpressing red fluorescent protein and
Sox32 and found that they did not interfere with the patterning
of the intrahepatic vascular or biliary networks (data not
shown). Altogether, the data from the SU5416 treatments and
vegf-a121 transplants support the idea that endothelial cells
can modulate hepatocyte polarization. We thus propose that
endothelial cells modulate hepatocyte polarization in order to
adjust the fine alignment of the intrahepatic vascular and biliary
networks and ensure that these intrahepatic conduits are
evenly spaced.
We next explored molecular mechanisms involved in endo-
thelial cell regulation of hepatocyte polarization. The role of
endothelial cells during mammalian pancreatic organogenesis
has been extensively analyzed [23–27]. During late stages of
pancreatic development, endothelial cells provide the basal
lamina that regulates endocrine cell proliferation and matura-
tion via Laminin and b1-integrin signaling [25–27]. Therefore,
we first examined the basal lamina surrounding the endothelial
cells and hepatocytes. Using currently available antibodies,
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or Collagen IV deposition around the endothelial cells or hepa-
tocytes during the time of hepatocyte polarization (Figure S5).
Thus, although other components of the basal lamina may play
important roles in liver development, these data suggest that
the influence of the endothelial cells in hepatocyte polarization
may not be mediated by Lama1 or Collagen IV.
We then took a genetic approach and sought to identify
mutations that affect the influence of endothelial cells on hepa-
tocyte polarization. We hypothesized that if endothelial cells
were compromised in their influence on hepatocyte polariza-
tion, the intrahepatic vascular network would more frequently
intersect with the Alcam-positive network. We found that
valentines259 (vtn) mutants [28, 29] exhibit such a phenotype
at 80 hpf. In vtnmutant livers at 80 hpf, the intrahepatic vascular
network frequently intersects with the Alcam-positive network
(as indicated by arrowheads in Figures 5B and 5E; average
17 times per liver, n = 5, SD = 3.6, p < 0.001; Figure 5G; Fig-
ure S6), whereas this phenotype is rarely observed in wild-
type livers (average five times, n = 5, SD = 1.6; Figure 5G). The
vtn mutation affects the cerebral cavernous malformation
2 (ccm2) gene [29], which encodes a cytoplasmic scaffold
protein. Because the vtn/ccm2 gene appears to be expressed
Figure 3. Alcam Localizes to the Apical Membranes of Hepato-
cytes
Z-plane confocal images of the liver at 55 (A), 70 (E and F), and 80
(B–D) hpf. The images present ventral views, anterior to the top.
(A and B) Wild-type Tg(gutGFP)s854 larvae visualized for GFP
(pseudocolored blue), Alcam (red), and aPKCs (pseudocolored
green) expression. The outlined areas in (A) and (B) are magnified
and shown in bottom right corners. At 55 hpf, aPKCs show
restricted expression in hepatocytes prior to Alcam restriction.
Alcam and aPKCs colocalize more extensively at 80 hpf.
(C) Tg(gutGFP)s854 heart and soulm567 (has) /prkci mutant larvae
visualized for GFP (pseudocolored blue) and Alcam expression
at 80 hpf. The Alcam staining of the outlined area is magnified
and shown in the bottom right corner. At 80 hpf, whereas Alcam
localization is restricted to the apical membrane of hepatocytes
in wild-type larvae, in has m567 mutants, it is still localized along
the entire cell membrane of most cells.
(D) Tg(flk1:EGFP)s843 larvae visualized for GFP (pseudocolored
blue), Alcam (red), and Ntcp (green) expression. Alcam and
Ntcp immunostainings are shown separately in (D0). Alcam and
Tg(flk1:EGFP)s843 expressions are shown separately in (D00).
(E and F) Wild-type (E) and clochela1164 (clo) mutant (F) larvae
visualized for Tg(flk1:EGFP)s843 (green), Alcam (red), and Prox1
(blue) expression at 70 hpf. At this stage, whereas Alcam has
localized to the apical membranes of most cells in wild-type
livers, it is still localized along the entire cell membrane of
many cells in clo la1164 mutant livers.
in endothelial cells in the liver [29] (Figure 5H and
Figure S7), it is likely that vtn mutant endothelial cells
are compromised in their ability to regulate hepato-
cyte polarization.
Because vtn has been shown to interact geneti-
cally with heart of glass (heg) [29, 30], which encodes
a transmembrane protein, we also analyzed the livers
of hegm552 mutant larvae [30]. We found that although
the phenotype is milder than that in vtns259 mutants,
the intrahepatic vascular network in hegm552 mutants
intersects with the Alcam-positive network more
frequently than in wild-type at 80 hpf (indicated by
arrowheads in Figures 5C and 5F; average 11 times
per liver, n = 5, SD = 2.5, p < 0.01; Figure 5G and
Figure S6). The heg gene also appears to be expressed in
endothelial cells [30] in the liver (Figure 5I and Figure S7),
suggesting that Heg functions in endothelial cells to regulate
hepatocyte polarization.
Because Heg contains EGF repeats in its extracellular do-
main [30], we hypothesized that it might be part of the signaling
machinery from endothelial cells to the hepatocytes. To test
this hypothesis, we injected mRNA encoding the transmem-
brane isoform of Heg [30] at the one-cell stage and analyzed
hepatocyte polarization at 80 hpf. We found that Alcam expres-
sion was decreased, and Ntcp expression was increased, in the
Heg-overexpressing liver, suggesting that most hepatocyte
membranes had acquired basolateral characteristics (data
not shown). We further tested the hypothesis that Heg can
modify hepatocyte polarization by transplantating Heg-over-
expressing cells into the liver. To target Heg-overexpressing
cells exclusively to the endoderm, we grafted cells overex-
pressing both Heg and Sox32 into hosts at 4 hpf [22]. Under
these conditions, we obtained larvae that contained a few
donor cells in the liver at 80 hpf. In all cases examined (n = 6),
we found that Heg-overexpressing cells modified the Alcam-
localization pattern of surrounding cells. For instance, in a larva
that contained a small cluster of donor cells in the liver
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1569Figure 4. Endothelial Cells Can Influence Alcam Subcellular Localization
(A–D) Tg(flk1:EGFP)s843 larvae treated with the VEGF-receptor inhibitor SU5416 from 55 to 80 hpf were visualized for GFP (green), Alcam (red), and Prox1
(blue) expression at 80 hpf.
(A) Projected confocal image of Tg(flk1:EGFP)s843 expression in the liver of an SU5416-treated larva in which the intrahepatic vascular network (schemat-
ically presented in [A0]) is disrupted and endothelial cells have formed a dead-end vascular branch (indicated by arrow).
(B) Projected confocal image of the same liver visualized for Alcam expression at 80 hpf. The pattern of the Alcam-positive network (schematically presented
in [B0]) reflects the disrupted intrahepatic vascular network.
(C) Merged image of Alcam (red) and Tg(flk1:EGFP)s843 (green) expression shows that the intrahepatic networks still do not intersect.
(D) Z-plane confocal image of the same larva. Alcam (indicated by white arrowheads) accumulates on membranes away from the dead-end vascular branch
(indicated by arrow). The outlined area is magnified and shown in (D0). Alcam immunostaining in (D0) is shown separately in (D00).
(E–I) Tg(flk1:EGFP)s843 larva containing vegf121 mRNA-overexpressing cells visualized for GFP (green), Alcam (pseudocolored red), and donor cell tracer
(rhodamine dextran; pseudocolored white) at 80 hpf.
(E) Projected confocal image of Tg(flk1:EGFP)s843 expression in the liver. The transplanted vegf121 mRNA-overexpressing cells (indicated by black
arrowheads) disrupt the intrahepatic vascular network (schematically presented in [E0]).
(F) Projected confocal image of the same liver visualized for Alcam expression at 80 hpf. The pattern of the Alcam-positive network (schematically presented
in [F0]) reflects the disrupted intrahepatic vascular network.
(G) Merged image of Alcam (red) and Tg(flk1:EGFP)s843 (green) expression shows that the intrahepatic vascular networks still do not intersect.
(H) Z-plane confocal image of the same larva. The outlined area is magnified and shown in (I).(indicated by arrowhead in Figure 5G), Alcam appeared to
localize on membranes away from the heg-overexpressing
cells. We also found that small numbers of Heg-overexpressing
cells in the liver did not interfere with the patterning of the intra-
hepatic vascular network (data not shown). These data indicate
that heg-overexpressing cells can modify the polarization ofsurrounding hepatocytes, supporting the hypothesis that Heg
is a mediator of endothelial cell influence on hepatocyte
polarization.
In summary, the highly branched intrahepatic vascular and
biliary networks are intertwined in the developing zebrafish
liver. The aligned apical membranes of hepatocytes define
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1570Figure 5. The heart of glass Gene Regulates
Hepatocyte Polarization
(A–F) Tg(flk1:EGFP)s843 wild-type (A and D),
valentines259 (vtn) mutant (B and E), and heart of
glassm552 (heg) mutant (C and F) larvae, visual-
ized for GFP (green), Prox1 (blue), and Alcam
(red) expression. Z-plane (A–C) and projected
(D–F) confocal images of the liver at 80 hpf.
(A and D) In wild-type larvae, the vascular net-
work marked by Tg(flk1:EGFP)s843 expression
and the biliary network marked by Alcam expres-
sion maintain a certain distance from each other
and usually do not intersect.
(B and E) In vtn s259 mutants, the intrahepatic
vascular and biliary networks frequently intersect
(as indicated by arrowheads).
(C) In heg m552 mutants, the phenotype is sim-
ilar to that of vtns259 mutants, but milder; the
intrahepatic vascular and biliary networks
occasionally intersect (as indicated by arrow-
heads).
(G) Number of intersections between the intrahe-
patic vascular and biliary networks in wild-type,
Vegf-receptor-inhibitor-treated, vegf121 mRNA-
overexpressing cell hosts, vtn s259 mutants, and
heg m552 mutants at 80 hpf. The error bars repre-
sent standard deviations.
(H and I) vtn (H) and heg (I) expression in 80 hpf
wild-type larvae. The images show lateral
views, anterior to the left. Both genes appear
to be expressed in endothelial cells. Asterisks
indicate the common cardinal vein. Black
arrowheads point to the intrahepatic vascular
network.
(J) Projected confocal image of the liver at 80 hpf.
Larva transplanted with heg mRNA-overexpress-
ing cells in the endoderm visualized for Alcam
(pseudocolored red) and rhodamine dextran
(donor cell marker; pseudocolored green). The
arrowhead points to the transplanted heg
mRNA-overexpressing cells inside the liver.
Alcam appears to accumulate away from the
heg mRNA-overexpressing cells. Alcam-expres-
sion pattern is schematically presented in (J0).the position of the intrahepatic biliary network. Endothelial
cells can influence the apicobasal polarization of hepatocytes,
at least in part via Heg, and thus the position of the intrahepatic
biliary network (Figure S8). Within a given organ, the polariza-
tion of individual cells must be coordinated with the overall
organ structure in order for it to function. We propose that
endothelial cells have instructive roles in the coordination of
the polarization of surrounding cells, at least in the zebrafish
liver and probably in other organs.
Experimental Procedures
Zebrafish Husbandry
Zebrafish (Danio rerio) larvae were obtained from natural crosses of
wild-type or heterozygous mutant fish, raised at 28.5C, and staged
according to age (hours postfertilization at 28.5C) as previously described
[31]. The following transgenic and mutant lines were used in this study:
Tg(flk1:EGFP)s843 [10], Tg(GutGFP)s854 [8], heart and soulm567 [16],
clochela1164 (gift of J.-N. Chen, University of California, Los Angeles),
clochem378 [18], valentines259 [28], and heart of glassm552 [30].Immunohistochemistry and In Situ Hybridization
Zebrafish larvae and adult livers were fixed with 1.5% formaldehyde in 0.1 M
PIPES, 1.0 mM MgSO4, and 2 mM EGTA overnight at 4
C. Prior to staining,
the yolk and skin were manually removed from the larvae, and the adult
livers were embedded in 4% SeaPlaque agarose (BioWhittaker Molecular
Applications) and cut into 250 mm sections with a Leica VT1000S vibratome.
The samples were blocked for 2 hr in PBS with 5% sheep serum and 1%
Triton X-100. Primary antibodies were incubated overnight at 4C, and
secondary antibodies were incubated for 4 hr at room temperature. We
used the following antibodies: Prox1 rabbit polyclonal antibody (Chemicon)
at 1:1000, anti-Alcam mouse IgG1 (Zn-5; ZIRC) at 1:10, 2F11 mouse IgG1 (gift
from J. Lewis, Cancer Research UK) at 1:400, ABCB11 rabbit polyclonal
antibody (Kamiya Biomedical) at 1:1000, anti-PKC (C-20) rabbit IgG (Santa
Cruz Biotechnology) at 1:1000, anti-Ntcp rabbit polyclonal (gift of F. Suchy)
at 1:200, anti-Lama1 rabbit polyclonal (Sigma) at 1:200, anti-Fibronectin
rabbit polyclonal (Sigma) at 1:200, anti-Collagen IV mouse IgG1 (Thermo
Scientific) at 1:200, and fluorescently conjugated Alexa antibodies (Molecu-
lar Probes) at 1:200. For double staining of Alcam and mAb 2F11, we used
biotinylated 2F11 antibody as previously described [13]. Processed sam-
ples were mounted in Vectashield (Vector Laboratories) and imaged with
a Zeiss LSM5 Pascal confocal microscope. All three-dimensional confocal
images and movies were constructed with Volocity (Improvision).
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Pharmacological Treatment, Microinjections, and Cell Transplantation
Larvae were treated with 1.2 mg/L of SU5416, a VEGF-receptor inhibitor,
from 55 hpf to 80 hpf for disruption of vascular patterning.
vegf121, rfp, heg, and sox32 mRNAs were prepared and injected as previ-
ously described [31]. 400, 400, 500, and 200 pg per embryo of vegf121, rfp,
heg, and sox32 mRNAs, respectively, were injected at the one-cell stage.
Cell transplantation was performed as previously described [22]. We
coinjected fixable rhodamine and biotin dextrans (Molecular Probe) to allow
visualization of donor cells. Approximately 10–15 cells from 4 hpf donor
embryos were transplanted into the blastoderm margin of stage-matched
host embryos.
Electron Microscopy
Larvae and adult livers were fixed with Karnovsky’s fixative and processed
as previously described [32].
Supplemental Data
Supplemental Data include Supplemental Results and Discussion and
eight figures and can be found with this article online at http://www.
current-biology.com/supplemental/S0960-9822(08)01188-3.
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